The Corps of Engineers has historically used solvent-refined napthenic-type base oils (Group I) for lubricating hydroelectric turbines and associated governor systems. Products now being supplied by the lubrication industry for the same purpose are based on hydro-cracked paraffinic oils (Group II). While these Group II products are advertised to have superior properties for use in gas and steam turbines, they have been reported to result in foaming and sludge formation when used in hydroelectric turbines. A survey of Corps of Engineers hydropower facilities was conducted to determine the extent of such problems. In-service evaluations were conducted to more clearly define the problem. Purpose-designed oil filtration and warming devices were installed at one Corps powerhouse to determine whether foaming and sludge formation could be prevented when using Group II oils. Initial results were positive, and four modified filtration/warming systems were subsequently installed to compare performance and refine technical specifications for a recommended system.
iv ERDC/CERL TR-04-28

Conversion Factors
Non-SI * units of measure used in this report can be converted to SI units as follows: 
Introduction Background
The oil used to lubricate the guide and thrust bearings of Kaplan turbine-driven generators is generally referred to as turbine oil. The hydraulic fluid used in the generator speed governor system has many of the same requirements as the turbine lubricant, so the same oil is used for that purpose. Historically, turbine oils used in Corps hydropower facilities were formulated with solvent-refined napthenic-type base lubricants, called Group I oils. Typically the Corps and other hydroelectric plant operators buy either an ISO (International Standards Organization) 68 or 100 R&O (rust and oxidation inhibited) turbine oil. The numbers "68" and "100" refer to oil viscosity (68 or 100 centistokes at 100 °F).
The current oil market is dominated by hydro-cracked paraffinic lubricants, which are known as Group II oils. These lubricants are considered the oil of choice for steam and gas turbines due to their improved purity and thermal stability. Current refining capacities and future market trending heavily favors Group II base oils, and it is projected that the production of Group I oils will be phased out. In fact, supplies of Group I turbine oil appear to be virtually impossible to find.
In addition to differences in basic formulation as compared with Group I oils, Group II turbine oils also contain new additive packages that may be incompatible with the napthenic in-service oils. Despite these changes in composition, the brand names of Group I oils have been retained for the Group II products. Without revisions in product labeling or any notification from vendors, end-users have ordered the new turbine lubricants without knowing of their changed characteristics or possible incompatibilities. To further complicate the problem, oil refiners closely guard the chemistry of their additive packages and often change them without notifying customers. It is not currently possible for end users to obtain a certification of oil compatibility for a specific application, either by an independent test laboratory or the oil refiner.
Group I oils normally last 25 years or more, but makeup oil must be added during that time to replace volume lost to leaks, evaporation, and routine mainte-nance activities. The addition of Group II makeup oil to Group I lubricants has resulted in problems at a number of Corps hydroelectric projects, especially excessive foaming and formation of varnish and sludge. Likewise, complete replacement of Group I oils with Group II lubricants has led to foaming and sludge formation that has plugged filters and caused erratic lubrication. One project has estimated that the cost of sludge cleanup and lost revenue due to disrupted power production was approximately $800,000. Complete replacement of oil at a large hydroelectric project may require more than 250,000 gallons of turbine lubricant.
Objectives
The objectives of this study were to (1) identify the causes of operational problems associated with the introduction of Group II turbine oils at Corps hydroelectric projects and (2) develop and document procedures or equipment modifications necessary to use Group II turbine oils without any of the operational problems reported by Corps hydroelectric facility operators.
Approach
A survey of Corps of Engineers hydropower installations was conducted to determine the extent of the problems experienced in connection with the use of Group II turbine oils. Oil suppliers were contacted to determine the changes they made in additive selection and quantity when they changed to Group II oil. Procedures to introduce Group II oils into an existing hydropower unit were developed and field tested, and a follow-on field test was initiated to optimize the specifications of the prototype solution.
Mode of Technology Transfer
Information contained in this report will be used as a basis for developing guidance on the procurement, handling, and maintenance of oils for hydroelectric turbine systems, including requirements for filtration and oil operating temperature. Applicable findings of this study also will be incorporated in the Proponent Sponsored Engineer Corps Training (PROSPECT) course on lubrication.
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Turbine oils are essential to the operation of hydroelectric power generating equipment. The basic purpose of turbine oil is to minimize friction and wear between two surfaces moving relative to one another, e.g., the guide and thrust bearings of turbine-driven generators or the moving blade mechanisms of Kaplan turbines. In addition, turbine oil dissipates heat and inhibits oxidation or corrosion, acts as a seal against outside contaminants, and flushes solid particles away from moving surfaces. Very often, this oil is also used as a hydraulic fluid in the generator's speed governor system.
The types of solvent-refined lubricating oils historically used in hydroelectric turbines are called Group I oils. Based on a survey of internet data, discussions with oil company representatives, and review of industry publications, solventrefined Group I oils are no longer readily available in the United States and Canada. Newer formulations being marketed for the same purposes, called Group II oils, are blends of base oils produced through more severe refinement methods such as hydrocracking, hydrotreating, isodewaxing or a combination of those processes. The solvency characteristic of such refined base oils is significantly lower than of the Group I oils due to a decreased presence of aromatic contents in their molecular structure. Furthermore, the new additives for these oils have chemistries different from the additives used in Group I oils and may not be fully compatible with additives already blended into the in-service oils.
The manufacturers of the new oils have not notified the Corps or other oil users of the changes being made to their products. Also, the manufacturers have not alerted users to the possibility of operational problems that could occur as a result of changes in oil characteristics or chemical incompatibilities between new additives and older ones currently in service. Because the new oils have come to market under the same trade names and designations as the older oils, users have had no way of knowing about changes in formulation or potential operating problems.
Operational Problems Encountered in Corps Powerhouses
Since 1999, several Corps hydropower facilities have encountered serious operational problems with the new Group II oils. The problems occurred shortly after the complete replacement of the old oil or after mixing a significant amount of new oil into the in-service Group I oils while topping-off the systems. Six facilities notified the Hydroelectric Design Center (HDC) of specific problems, as discussed below.
Fort Randall Powerhouse, SD
Powerhouse personnel replaced exhausted Group I turbine oil with new Group II oil in 1999. Three months later, an increase of foaming and air entrainment in oil at governor sumps and sticking of the governor proportional valves was observed. Several months after that, the governor in-line filters started to plug with sludge, which disrupted governor operations. Foam hinders dissipation of entrained air from oil, promotes oxidation, and often causes improper ("spongy") hydraulic response of the governor. Foam also instigates lubricant starvation in the bearings, thus causing a wipeout/melting of the babbitt material. Entrained air causes cavitation in pumps. It also promotes more rapid oxidation of the oil and rampant generation of varnish particles due to adiabatic compression phenomena (micro-dieseling) in the governor system. Varnish particles, in combination with other contaminants, wear particles, and moisture, form sludge. The sludge plugs the governors' pilot in-line filters and causes operational difficulties, greater maintenance efforts, and an increase of unscheduled downtime. At Fort Randall, the problems were becoming progressively worse and a decision was made in 2000 to disassemble all eight Francis units and physically clean out accumulated sludge. This effort included removal of generators and turbine shafts in order to access thrust bearing and guide bearing sumps. The cost of this effort exceeded $800,000. In 2001, the system was flushed, and the cleaned units were refilled with new Group II oil and put back in service. In late 2003, plant personnel noticed a gradual increase in foaming and air entrainment of oil in governor and thrust bearing sumps. The recommended remedial actions consisted of installing a low-flow (6 -10 gpm) off-line 3-micron absolute cellulose fiber filtration system to each governor sump. In addition, the filters needed to be equipped with low-watt density heaters capable of maintaining governor oil temperature at approximately 40 ºC (105 ºF). Currently, due to lack of funds for acquisition of new filters, the project periodically drains oil from the sumps that have the biggest foaming problems, purifies it, and reuses it.
Bonneville 2 Powerhouse, OR
The analysis of test data of turbine oil in 2001 showed that the oil (Group I, Mobil DTE Heavy ISO 100) was at the end of its service life, and a decision was made to replace it. The attempts made to find Group I oil on the market were unsuccessful. Compatibility testing of the proposed new oils and in-service oil, performed at the Chevron Research Laboratory by the company's own test procedure, detected three different Group II oils as being incompatible with the inservice oil. Consequently, plant personnel decided to begin the process of replacing the in-service oil with newly formulated Mobil DTE Heavy ISO 100 oil. Company representatives assured the powerhouse personnel that this oil is a blend of Group I and Group II oils, and that its characteristics are closely matched with in-service Group I oil. However, the latest Aniline Point test data showed that the most recent batch of new oil received is a Group II oil. No modifications to the equipment have been made, and the performance of the new oil is being closely monitored for signs of increased foaming and air entrainment.
Ozark Powerhouse, AR
Old Group I oil was replaced with new Group II oil in 2002. Approximately 6 months after the replacement, sludge formed in the oil and caused operational difficulties by plugging the governor in-line filters. Excessive foam and entrained air in the oil made it opaque, and a regular visual inspection of gears could not be performed without shutting down the units. The recommended remedial actions included thorough flushing of the system, adding off-line filtration systems with heaters for governor sumps, replacing old centrifuge-type purifiers with new vacuum dehydrator, and replacement of entire oil stock. No action has been taken at this time.
Keystone Powerhouse, OK
Exhausted Group I oil was replaced with Group II oil in 2003. Currently, plant personnel are observing opaqueness of the oil in governor sumps, which is caused by excessive foaming and entrained air. For this reason, the units must be stopped periodically to check the governors.
Broken Bow, OK
In early 2004, personnel mixed Group II makeup oil with in-service Group I oil. Currently, they are observing an increase of foaming and air entrainment in the oil. Remedial actions have not been taken at this time.
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Chief Joseph Powerhouse, WA
The replacement of the old Group I in-service oil with new Group II oil was completed 2001. A few months later, the same pattern of events was noticed as those described above at Fort Randall. The oil in governor sumps was developing foam and entrained air at a much higher rate than the old oil. Six months later, governor valves started to stick and sludge was plugging governor in-line filters. A year after the oil was replaced, maintenance personnel had to change filters of all units on a monthly basis in order to maintain operation.
In 2002, personnel of the Seattle District and Chief Joseph powerhouse requested assistance from the HDC to identify causes of the operational problems, and to find and recommend a solution.
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HDC conducted a targeted study of the turbine oil market in terms of product types and availability. An internet search of product databases of all major oil U.S. and Canadian companies was performed. Information was collected on products by ExxonMobil, Shell, ChevronTexaco, CITGO, Hydrotex, PetroCanada, and ConocoPhillips, all of which (except Hydrotex) are current and past suppliers of oil for Corps powerhouses. In addition, many oil company representatives were contacted.
During October and November 2003 a Corps-wide survey was conducted to determine the overall field experience with turbine oils and the nature and extent of any operational problems experienced with the new turbine oils. The questionnaire and cover memo from Headquarters, USACE are attached to this report as Appendix A. The objective of the survey was to collect and catalog the following information:
• total amount, type, brand, viscosity, and age of oil used at each powerhouse • average operational temperature of governor oils (winter/summer period)
• governor oil contamination control practices • bulk oil stock contamination control practices • technology base and age of oil purification equipment currently used at the powerhouses, and its performance rating • currently established frequency of oil testing, testing methods used for evaluating serviceability of in-service oil, and tracking and trending of the tests data.
The remainder of this chapter summarizes the findings of the turbine oil market study and the user questionnaire.
Oil Industry Points of Contact
The following oil company representatives were contacted to discuss the availability of turbine oils: 
+30 yrs 20
Information not available 2
What is the total amount of oil in generating units at your powerhouse?
0 -1,000 gallons 2 1,000 -5,000 gallons 14 5,000 -10,000 gallons 12 10,000 -50,000 gallons 13 50,000 -100,000 gallons 2 > 100,000 gallons 3
What is average temperature of oil in governor sump when operating in summer? 
ERDC/CERL TR-04-28
No. of responses Yes No
How frequently are oil samples sent to a lab for routine testing?
Bi-annually 5
Annually 21
Once in 4-5 yrs 5
Once in 5-10 yrs 2
Rarely 5
Never 7 No Information provided 1
Which of the oil's characteristic are checked?
Viscosity 15 TAN 13
RBOT 1
Metals 18
Moisture 14
Contaminants / ISO cleanliness 11
Depends on problem suspected 2
No Information provided 22
Describe the method used to track & trend the continued serviceability of used oil?
Oil analysis data trends 21
Based on lab notification 5
By memory 2
By tracking oil temperature 1
None in place 16
No Information provided 1
Analysis and Interpretation
Market Availability of Turbine Oils
Attempts to locate suppliers of Group I oils through internet search methods were not successful. No readily available source of turbine oil matching the characteristics of the Group I oils historically used in Corps powerhouses was identified. The salient characteristics of the oils described in all product data sheets obtained for this study indicate that the only turbine oils readily available on the market are Group II oils.
All oil company representatives contacted for this study confirmed that their turbine oils are formulated with Group II oils. They also emphasized that the new oil formulations have better thermal and oxidation stability characteristics, and therefore a longer service life, than the Group I oils. These advantages were attributed to the reduction in unsaturates (aromatics) and impurities (e.g., sulfur, nitrogen) achieved through refinement processes of various degrees of severity.
This method of refinement makes these oils the best choice for use in steam and gas turbines, according to manufacturer representatives.
Corps powerhouse personnel, some of whom observed problems while operating with new oil, said they were not aware or alerted by oil company representatives to the changes in turbine oil formulation. In addition, personnel said they were not informed of the possibility that negative consequences may occur when the new Group II oils are mixed with the in-service Group I oils. End users reported confusion due to the marketing of the new oils under the same trade names and designation codes as the standard Group I oils.
None of the oil company representatives contacted would definitively predict whether Group I turbine oils would reappear on the market. However, most acknowledged that there is only a minute chance Group I oils would reappear because the refining capabilities for those oils is continually decreasing while growth of Group II oil production is surging North America and elsewhere in the world. This claim was verified through reference to a major industry trade publication and other sources (Tocci 2003; Sullivan 2003a; Sullivan 2003b; Kramer 2002 ).
Based on results of the market survey, conversations with oil company representatives, and articles by oil industry observers, it is concluded that the currently available Group II turbine oils will probably be the only type available in the future. Therefore, Corps powerhouse personnel will need to modify equipment and maintenance procedures in order to successfully use Group II oils in existing hydroelectric turbines.
Trends in Survey Responses
Survey forms were returned by personnel from 46 Corps hydroelectric powerhouses. Notable trends in the data are presented below.
1. Majority of the respondents (61%) did not know or were not certain whether they operate with Group I or Group II oil. However, data were provided on the brands and the age of oil in service. 2. Based on information provided by oil supplier representatives, it appears that Group I oil was phased out approximately 10 years ago. Therefore, for the purpose of this report, all oils purchased within the past 10 years are as-sumed to be Group II oils; all oils purchased before that time are assumed to be Group I oils. 3. The 46 Corps powerhouses operate 216 turbines and collectively use approximately 902,000 gallons. 4. A majority (56%) of responding powerhouses is operating with Group I turbine oils. No unusual operational problems were reported outside of normal maintenance requirements (e.g., changing governor in-line filters every 6 months, etc.). 5. Most of the Group I oils (57%) have been in service more than 20 years, and 80% of those have been in service for more than 30 years. It is estimated that these oils will be replaced with Group II oils within the next 5 years. 6. Ten powerhouses (22%) operate with a mixture of Group I and Group II oils.
The majority of them (60%) reported having operational difficulties caused by air entrainment and foaming, sticking of governor valves, and/or plugged filters. 7. It is estimated that nine Corps powerhouses (approximately 20%) operate with Group II oils. Of those, five (approximately 55%) are experiencing the same operational problems as powerhouses operating with mixed oils. 8. The operating temperature of governor oil in 72% of the powerhouses is below 30 ºC (86 ºF) during the summer; in winter the total is 89%. Such low temperatures can contribute to sludge formation, foaming, and air entrainment. 9. Only four powerhouses (less than 9%) are equipped with and using kidneyloop filtration systems to continuously filter governor oil. Another three powerhouses use such filters occasionally. 10. None of the powerhouses is equipped with a dedicated filtration system for filtering bulk oil in the main storage tanks. 11. Most reporting powerhouses (80%) use purifiers to remove moisture from oil that are based on physical phase separation (centrifuges, coalescence filters, and filter press systems). Only 20% of the powerhouses are equipped with vacuum dehydrators or a combination of coalescence-vacuum dehydrators that are based on chemical separation of water from oil. 12. It was reported that 57% of the operating purifiers have been in use for more than 20 years. Of those, 83% have been in service for more than 30 years. 13. The performance of the purifiers as rated by plant personnel, ranges from "excellent/very good" (25%) and "good/adequate" (61%) to "inadequate/poor" (14%). 14. The practiced frequency of oil testing for the purpose of monitoring the quality and the serviceability of turbine oils varies from biannual testing (11%), annual testing (46%), once in 4 -5 years (11%), once in 5 -10 years (4%), or rarely (11%). However, 16% of the reporting powerhouses have never sent oil samples to a lab for testing.
15. When samples of oil were sent to a lab, powerhouses requested the following analyses:
• viscosity (68% of time)
• acid number (59% of time)
• rotating pressure vessel oxidation test (4% of time)
• elemental spectroscopy (82% of time)
• moisture (64% of time)
• contaminants / ISO cleanliness (50% of time)
16. The majority of powerhouses (58%) use oil analysis data to track and trend the serviceability of their turbine oil. However, a significant number of powerhouses (36%) do not have any tracking/trending system in place.
Causes of Operational Problems
In an effort to understand why sludge forms so readily in Group II oils used in hydroelectric turbines, the characteristics of Group II oils were investigated and a forensic analysis of sludge was performed.
Characteristics of Group II Oils
Group II turbine oils are blends of severely refined base oils, also known as paraffinic-type oils, and additives. The most commonly used processes for refining Group II base oils are hydrotreating, hydrocracking, isodewaxing, and hydroisomerization, or some combination of those processes. The degree of severity of the refining process affects the characteristics and performance of the base oils. Compared with Group I oils, Group II oils have improved purity (less sulfur), and a greater percentage of saturates in its molecular structure (typically in the range of 98% or more versus approximately 80 -90% for Group I oils). Decreased amounts of unsaturated content (aromatics) enhance the oil's thermal stability (i.e., resistance to thermal degradation) and decrease the rate at which its viscosity degrades when heated. This chemical structure also decreases the solvency characteristics of the oil, and its ability to keep additives well dispersed is decreased, so improved agitation is needed. This lower solvency characteristic means that Group II oils require better contamination control practices (filtration) than Group I oils. This requirement is especially important for equipment that operates at a lower temperature, such as that commonly found in the governors of hydroelectric turbines.
Sludge Analysis
The purpose of the forensic analysis of sludge from in-service filters was to determine its composition and the chemistry of its formation. The data indicated a high load of wear and dirt particles and carboxilate salts, which form as a result of a reaction between the acidic rust inhibitor in the Group I oil and metallic cations -most often iron, zinc and copper. In addition, the analysis detected the presence of succinimide salts (reaction byproducts of rust inhibitor from the new Group II oil) and a high concentration of carbon and varnish particles (products of thermal and oxidation degradation). The rate of suspension of these polymer-like varnish particles in oil depends on the temperature and the flow rate of the oil. It is apparent that the relatively low operational temperature and flow typical of governor applications provides the conditions for agglomeration of these particles from the oil's colloidal state. The agglomerated particles encapsulated a high amount of suspended particles to form sludge, which was ultimately deposited in the governor in-line filters. The recommended remedial actions should include:
1. means to decrease the number of particles in the oil that could potentially be encapsulated 2. means to contain escalation of varnish particles, which have been identified as a component involved in the sludge buildup process 3. means to increase and maintain higher governor oil temperature 4. means to increase the mobility of oil through agitation.
Field Demonstration of Remedial Procedures
To implement the HDC recommendations at the Chief Joseph powerhouse, dedicated off-line, low-flow filtration systems equipped with 3 micron absolute cellulose fiber filters were added to two governor sumps. One of the filters was equipped with a low-watt density heater capable of maintaining oil temperature at 40 ºC (105 ºF). After 1 month of using this system, the cleanliness of the oil in both governor sumps has been improved from ISO 20/17/13(c) to ISO 16/15/12(c) . In addition, no evidence of sludge was observed on in-line filters, and foaming and air entraining rates have decreased (more so in the sump where the oil was heated). The filters operate continuously, which also greatly improves oil agitation and provides better dispersal of the additives.
The results of this demonstration proved that Group II oils can be successfully introduced into hydroelectric turbine governors with Group I oils if the additives of both lubricants are compatible in terms of solvency and other chemical characteristics. Although the technology solution described above is conceptually sound, it requires two refinements:
• determining the highest optimal temperature for governor oil in which the highest rate of air release can be achieved without negatively affecting the governor's hydraulic operating response • determining the most effective technology for the filtration system, to include consideration of filter medium, pore size, dirt-holding capacity, flow rate, and flow direction, type of air release valves, controls, and safety features.
Currently at Chief Joseph powerhouse, four filtration systems with heaters rented from four different manufacturers have been installed and connected to different governor sumps. The purpose of this effort is to compare the efficiency of the different filtration technologies in the removal of varnish and other particulates typically found in the hydroelectric application. Results of the demonstration will be available for analysis in the first half of fiscal year 2005.
Summary and Recommendations Summary
Group I type rust-and oxidation-inhibited (R&O) turbine oils, which have been the standard turbine and governor lubricant used in Corps hydroelectric powerhouses, are no longer available on the market. The market for turbine lubricants is now dominated by Group II base oils and new additives, and these have led to operational problems when introduced into Corps hydropower equipment. Group II oils are expected to dominate the market for the foreseeable future, and industry experts do not foresee the reintroduction of Group I lubricants to the market.
More than half of the Corps hydroelectric powerhouses responding to a user survey reported operational problems caused by excessive foaming and air entrainment, sticking (varnishing) of the governor proportional valves, and sludge buildup plugging governor in-line filters. Analysis indicated that those problems may be attributed to a combination of the following factors:
• low solvency of Group II oils • incompatibility between additives from new and old oils • inadequate flushing procedures practiced during oil changeout • low operational temperature of governor oil • insufficient oil contamination control for the new lubricants.
The result of preliminary field tests performed at Chief Joseph powerhouse showed that hydroelectric turbines could be successfully operated with Group II oils. To be able to do so, powerhouses must modify oil contamination control procedures and increase the temperature of the governor oil. The modifications include the addition of a dedicated filtration system and a low-watt density heater to each governor sump. These measures will prevent formation and agglomeration of varnish particles in Group II oil, which occurs in poorly agitated oil at low temperature. Field-testing of different filtration systems and heaters has been conducted to identify optimal specifications for this equipment. The data collected in these tests will be analyzed in FY05, and specifications for the pre-ferred filtration systems and heaters will be disseminated to all Corps hydroelectric projects.
Survey data show that current governor oil contamination control practices in Corps powerhouses are not adequate or, in many cases, not established. In addition, Corps powerhouses use only a demoisturizing system to maintain adequate cleanliness of the bulk oil in storage tanks, but use no additional filtration systems. Effective filtration is essential to help ensure long equipment service life and efficient system operation.
Most Corps powerhouses still operate with Group I oil, but considering the advanced age of the oil, it appears likely that they will require replacement within 5 years. In order to maintain trouble-free operation, it is essential for those powerhouses to implement the proposed equipment modifications before replacing in-service Group I oil with Group II oil.
Oil quality and serviceability testing practices are either not adequate or are not in place at almost half of the surveyed powerhouses. Establishing such a program, to include a list of required test methods, is essential to maintaining hydroelectric turbines and governors in good operating order.
Recommendations
It is recommended that guidance for use of Group II oils be issued in FY05, and disseminated to all Corps powerhouses. The guidance should incorporate both the findings of the completed field-tests at Chief Joseph powerhouse and the best practices from the industry. This guidance should include specific information on filtration equipment requirements, procedures, and practices; specifications for governor oil heaters; and a generic description of a comprehensive flushing procedure to be completed before changeover from Group I to Group II oils. Thorough flushing is essential to eliminate potential problems caused by the incompatibility between additives from new and in-service oils or by sediments settled throughout the system. The proposed guidance also must include comprehensive information about the screening or testing of compatibility between new oils and in-service oils.
For powerhouses still operating with Group I oils and in need of a significant quantity of makeup oil, it is recommended that the entire oil stock be changed over to a Group II oil, to include the recommended upgrades of filtration equipment, oil heating devices, and flushing procedures. Until the HDC completes its guidance on these upgrades, however, it is recommended that powerhouses in urgent need to replace turbine oil request HDC assistance with the replacement process.
It is recommended that all oil purifiers based on physical separation of oil and water be replaced with vacuum-dehydration type demoisturizers. In addition to removing free and emulsified water, these systems also effectively remove dissolved water.
It is recommended that guidance be developed for oil testing, and for tracking and trending of test data. This guidance should include a list of required test methods, generic sampling procedures, and testing frequencies. Corps personnel should use such guidance as a tool to establish predictive maintenance and an equipment reliability program.
